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Laser-driven proton beam diagnostics

Electrons 1E13+

112 \

Protons (MeVA-1 - srh-1)
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Laser pulse -
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Ta rget HeavZ+|ons Energy (MeV)
(C) [C. Zulick et al., Appl. Phys. Lett. 102, 2013]
m Real-time energy spectrum (HRR) B Low background sensitivity
m Discriminate ion species B EMP resistant
B Absolute calibration B No saturation
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Examples of relevant applications

Particle Induced X-ray
Emission (PIXE)

Characteristic X-rays emission induced by protons

Proton radiography

Proton Activation
Analysis (pAA)

Characteristic y-rays emission induced by protons

Reaction analysis and
radiography (FNAA, FNRR)

Conversion in neutrons
Characteristic y-rays emission
Light element mapping
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Commonly used active diagnostics

Thomson Parabola Spectrometer

Protons =—
C-ions  =—— N

k MCP +

Time-of-Flight Spectrometer

Real time
Discrimination of particles

Complex and uncertain absolute calibration
Require big distances
Complex spectrum deconvolution

Sensitive to alignment and emp
18

screen 16 Photo-peak
Real time o
Discrimination of particles =2 |
Compact
—g 6 Protons lons

Complex and uncertain absolute calibration < i
Electric field fluctuations 24\1

0

Needs position sensitive detector in 2D
. [G.Milluzzoetal, EPJPlus ~ © 100 200 300 400 500
TraCkS Su pel’pOSItlon . 136.11, 1170 (2021)] TOF [ns]
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Proposed detection system

Main objectives and characteristics

-

B Protonspectrometer =» Separate signal from other particles
B Absolute calibration

m Focuson low energy rather than cut-off
m Application-oriented

~

B Characterization of whole energy spectrum = from<1MeV to > 10 MeV

/
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Proposed detection system

2 They are deflected by A semiconductor
the magnetic field 4 array detects the
Protons protons

Carbonions

1 The particles are
selected by a pinhole

A filter is specifically shaped
to stop carbon ions but not
protons (differential filter)

Magnetic field
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Proposed detection system

Magnetic spectrometer ]

m Avoid issues related to electric field fluctuations
m No fast electronics needed
B Compact

\. Energy resolution lowers at high energies y

r'[ Filter |
e c )
m Discrimination of protons from heavy ions

m Shaped according to Cé* range in matter
% Added shield against EMP and X-rays

J

| Detector ]
m Direct particle detection )

m Thin active layer (few um)
® 1D array (position sensitive in one direction)
B Current mode
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\. ¥ Range and resolution =% pixels number and width /
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Proposed detection system: presentation outline

~\
m Analytical model
[ Magnetic spectrometer ]—> B Monte Carlo simulations
= Prototype device )
4 N
m FEM modelling
= Experimental characterization soon )
4 N
- ] m Analytical modelling
3 [ Filter | . Experimental production )

[ Detector ]—P[ m Experimental characterization ]
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Spectrometer model: energy bins and resolution

Analytical model + Monte Carlo analysis

> ‘ = DB
Target . Magnets Pixel strip detector g 101 - @ After stopper %J 3
inhole ; @
X(L " / J h /1 ; : » Before stopper | = 0.4 %
|| | : o =
L Z = uminum filter ] - ‘
/ .l B® A forCiOrlfSIt 8 -g 0.3 1 o
/ Q %
Laser | : | = t = { § 100 _ _CE) 02 -
L ' o - 3
c @ 0.1
D (5
= 161 . . 0.0
r N © 200 400 0 200 400
B Protons lose little energy in the filter Pixel Pixel

® Energy range 0.4 - 20 MeV
L ® High resolution (<3 %, 100 pm pixels)
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Spectrometer model: charge collection and absolute calibration

Charge generated per proton [fC]

20 A

T
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Total charge

.

= Proton number

Charge single proton
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Front-end electronics

|

Modulated capacitance
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Example of spectrum reconstruction

N

/

/ Monte Carlo simulations
Input > Exponential proton spectrum
Devosited ener
Output P : : gy
Calibration
108
3105 {
E ]
S
R
1077
103 '

5 10
Proton energy [MeV]
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¥
/

10° ; b

dN/dE [1/MeV]

107 4

10° 5

1D5 4

10° 10!
Proton energy [MeV]

r

B Good input spectrum reconstruction
® Full energy range agreement
B Fewer and bigger pixels =9 reduced resolution
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Effect of realistic magnetic field

~N

Finite element analysis (FEM) of magnet Monte Carlo simulations

<
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Differential filter: requirements

Theory . . .
o — Layers Continuous analytical profile
S, Staircase experimental realization
}
=
S
S 40- Superposition of layers
Q
g
=]
v

20 |

m Stopping power
Requirements PPINE P

0 1 2 3 a 5 m Robustness
Stopper base [cm]

B Fixed or variable thicknesses Constraints on: _
Software for optimization m Lateral spacing 3

B Combination of materials B Maximum thicknesses
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Differential filter: requirements

Theory
Theo —— Layers ] . .
A 20 Continuous analytical profile
. 4 )
Few hundreds of nm 1
= 15 A
S, . Staircase experimental realization
? Adequate technique 1
1¥]
[y 10 4
& \ needed Y
S 40- | | Superposition of layers
¥
o 51 |
e |
§ L .
20 | 0 . . . |

| 4

m Stopping power
m Robustness

. . . . — Requirements
0 1 2 3 4 5
Stopper base [cm] \.

B Fixed or variable thicknesses Constraints on: _
Software for optimization m Lateral spacing 3

B Combination of materials B Maximum thicknesses
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Differential filter: deposition technique

Magnetron Sputtering

Rotatable
Manipulator

Variable T Q

B Physical vapor deposition technique

W subsiraee sample stage V€W
g \wmw " m Gas sputtering + plasma confinement (magnets)
oDy O e :ﬂ“ m Advantages:
IR S ; * Flat surface over large areas
] \‘ N bt “Io * Control of thickness and morphology B .
ary y e Compact, bulk density films b= 8.9 gjcw
shieaing " P cencrron == '

Magnetron
Cathode
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Differential filter: production strategy

Screws
Support Masks Substrate
Substrat
(]
References
m Hollow frame as support .
B Masks to cover previous layers ]
B Graduated scale for reference
m Depositions + rolled foils
Film

Tape/glue Foils 3
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Differential filter: preliminary results

/ Material \

29

4 ]
Copper 29 24 l
f @ = @ interlayer (50 nm)

B High stopping power G

m High deposition rate

\_ / .

Thicknesses adjusted for
the difference in stopping
powers between Cu and Cr

. J 3
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Differential filter: preliminary results

1730 nm

(

m 5 layers Cu + Cr
m Different morphology for the two materials
m Strong adhesion thanks to Cr

k. Gradual transitions =4 not step-like

\

J

3

Francesco Gatti - BLIN5 - 14/10/2022



Sensor characterization: alpha source

241 Am source

\_

Preamplifier
== Amplifier
Multichannel Analyzer
g J
/ Alpha kinetic energy \
Vacuum 5.5 MeV
4

>.1MeV (4 mm) Active Thickness:
Attenuated by air >20 um

3.7 MeV (3.7 cm)
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Energy deposited by alpha particles
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Sensor characterization: proton source

Proton Spectrum

Monte Carlo simulations
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Conclusions and Future steps

~

( Laser-driven proton spectrometer proposed

WWwW.ensure.polimi.it

=
B The design seems effective
B Filter production strategy outlined
B Promising experimental results obtained M F"assoni
\ B Prototype feasible within some months Yy Principal ' '
nvestigator W RAYLAB
Future steps: 4 Production of the differential filter A
Completion of the detector characterization F. Gatti F. Mirani

Test with a controlled source
Test with a real laser-driven source

O
=
B Assembly of a prototype
=
=

ERC-2022-PoC No. 101069171
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Differential filter: alternative approach

Glass sllde Soap Iayer Dep05|ted film Freestanding film o Soap\

&@I.

Water Glass slide j

Fishing of the film
on the frame
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